Objective: The immigrant population in Canada, and particularly in Ontario, is increasing. Our ecological study first assessed if there was an association between areas with proportions of first-generation immigrations and admissions rates for psychotic and affective disorders. Second, this study examined if area-level risks would persist after controlling for area socioeconomic factors in census-derived geographical areas-Forward Sortation Areas (FSAs)-in Ontario.
H ospitalization is among the most expensive and intrusive management strategies for mental disorders and a severe disruption for the patient and their family. Expectedly, rates of admissions for psychiatric disorders are disorder-specific. Immigrants are one of the groups at risk for increased hospitalization for some psychiatric illnesses. International studies [1] [2] [3] [4] [5] are generally consistent in finding that risk of hospitalization for psychosis is higher for immigrants. These studies [6] [7] [8] [9] [10] [11] were mainly done in European settings, including the United Kingdom and Sweden. Two Canadian studies 12, 13 have been done. The first was a Toronto study 12 conducted in 1971. It assessed 2867 admissions for psychiatric diagnoses to 21 hospitals serving the Toronto catchment area. Morgan and Andrushko 12 reported that rates of admissions for schizophrenia were higher for native-born Canadians than foreign-born populations (rate ratio of schizophrenia admissions by foreign-born people divided by schizophrenia admissions by native-born people: males 0.87; females 0.71). The second Canadian study 13 assessed psychiatric admissions in British Columbia between 1902 and 1913. These results were consistent with European findings. They reported that migration was a risk factor for schizophrenia among white immigrants to British Columbia from Britain or Continental Europe. Owing to substantial differences in immigrant populations and health services delivery across continents and time, European and dated Canadian studies do not reflect current circumstances in Ontario.
A body of European research has also assessed risk of admission for affective disorders for immigrants relative to native-born people. In contrast to recent findings on immigrant risk for admissions for psychotic disorders that consistently suggest an elevated risk among immigrants, findings on immigrant risk for admission for affective disorders are mixed. 14, 15 Moreover, when studies have reported elevated immigrant risk for admission for affective disorders among immigrants, this risk does not reach levels reported for psychotic disorders. 14, 16 To the authors' knowledge, there are no studies on immigrant admission risk for affective disorders in Canadian settings.
Numerous potential explanations have been provided to explain the consistent finding of elevated hospitalization rates for psychosis among first-generation immigrants. Some explanations link the elevated risk to social circumstances. Immigrants are more likely than the general population to live in poverty and in urban areas, 17, 18 conditions associated with elevated risk for psychoses. 16, [19] [20] [21] Hjern et al 19 found that although risk ratios for hospitalizations for psychosis were higher in first-generation immigrants than in the Swedish native-born population, they mostly decreased after adjusting for SES indicators; however, the risk remained elevated for Finnish and Eastern and Southern European groups.
In contrast, urbanicity has not been linked to rates of affective disorders. 22, 23 However, findings regarding income, education, or SES and risk for affective disorders were similar to those observed for psychotic disorders. Risk of mood disorders was elevated for socioeconomically disadvantaged groups. 23 Another explanation pertains to misdiagnosis. Individuallevel studies have reported that immigrants are more likely than the host population to be diagnosed with psychotic disorders when experiencing a mood disorder or expressing culturally appropriate emotional symptoms. [24] [25] [26] [27] [28] Clinicians may use different decision rules when diagnosing members of immigrant or ethnic groups, likely because of biases or stereotypes. [28] [29] [30] [31] [32] [33] Clinician biases about the types of disorders that immigrants experience and misinterpretation of cultural beliefs may lead to overdiagnosis of psychotic disorders and underdiagnosis of affective disorders in high immigrant areas. [25] [26] [27] While these biases are often discussed regarding ethnic minorities, 28, 29, 34, 35 they may also explain admission patterns in immigrant populations.
Relative to countries worldwide, Canada has the second largest proportion of first-generation immigrants (19.8% in 2006) . 36 In 2006, immigrants represented 28.3% of the Ontario population. 37 Improving delivery of mental health services to better meet the needs of immigrant, refugee, ethnocultural, and racialized groups is a focus of the Mental Health Strategy of Canada. The Diversity Task Group, a subcommittee of the Mental Health Commission of Canada, has emphasized the need to better understand the impact of ethnicity and immigrant status on mental health and health services use. 38 Research on use of psychiatric care can help inform the structure and delivery of psychiatric services to better meet the mental health needs of the large immigrant populations in Ontario. 
Methods
Our study used Canadian census and inpatient hospital admission data from 1996 to 2005. The study population included the Ontario population aged 15 to 64 years on the date of their first hospital admission during the study period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . This upper cut-off age of 64 years is commonly used. 16 The prevalence of both psychotic and affective disorders declines for older adults [40] [41] [42] and cognitive impairment from other conditions becomes more common. 43, 44 All psychotic disorders were included rather than only schizophrenia because, as a group, the validity of psychotic disorders is greater than that for schizophrenia. 45, 46 Our study was approved by the Research Ethics Boards at Centre for Addiction and Mental Health and University of Toronto. Written informed consent was not required because this was a secondary analysis of anonymized data that were collected as part of routine clinical care for administrative purposes.
Data Sources
Census data from the 2001 Canadian census provided FSAlevel demographic information, including the percentage of people with first-generation immigrant status, age and sex distribution, average income, and population density. There were 510 FSAs in Ontario in 2001, of which 507 had residential populations and complete data for analysis. FSAs are the first 3 characters in postal codes. Postal codes are 6-character codes defined and maintained by Canada Post for the purpose of sorting and delivering mail. 47 A first-generation immigrant was defined as a person born outside Canada who was aged 15 years or older on census day in 2001. Census estimates were determined by sampling 20% of the population. 48 For the most part, these are current or past landed immigrants in Canada. Also included in this definition are a small number of people born outside Canada to parents who are Canadian citizens by birth and people who are nonpermanent residents. 48 The percentage of immigrants in each FSA was calculated by dividing the total number of immigrants per FSA by the total FSA population. This variable was used in continuous form for all analyses except the descriptive statistics (Table 1) where it was divided into tertiles to facilitate interpretation. These tertiles were labelled low immigrant, medium immigrant, and high immigrant areas. The mean proportion of immigrants per FSA in these 3 groups was: 8.51%, 19.76%, and 42.59%, respectively.
Demographic data were reported at the FSA level. Income is a census variable reported for all people with income. It was reported in 2000 Canadian dollars. 49 Population density, a measure of urbanicity, was calculated for each FSA using estimates of FSA population size and area to determine the number of people per kilometre squared. Poverty and urbanicity have been associated with the immigrant experience 17, 18, 50, 51 and risk for psychosis. 19, 20 These additional predictor variables were used to answer the second study question.
Individual-level inpatient records in Hospital Morbidity
Database from 1996 to 2005 were acquired from Canadian Institute for Health Information. Data contained client-level data, including a unique identifier, age at admission, sex, FSA, and diagnostic codes from ICD-9 and the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (commonly referred to as ICD-10-CA), that are associated with inpatient stay ( Table 2 ). The unique identifiers were used to ensure that only first admission patients were considered. These data were used to derive the number of first admission patients for psychotic disorders and for affective disorders (Table 3) per 100 000 person-years per FSA from 1996 to 2005. In total, 242 observations were excluded owing to inaccurate FSA information.
Analysis
Weights were used to account for FSA population size. This weighted sample of FSAs was used to calculate point estimates, variance estimates, and confidence intervals, without suggesting artificial precision.
First, using the Pearson correlation coefficient, simple correlations between percentage of first-generation immigrants per FSA and first admission rates per FSA were calculated for psychotic disorder admissions and affective disorder admissions. Subsequently, partial correlations assessed the same relations while controlling for FSA average age and sex distribution. These variables have been routinely adjusted for in European studies. 7, 52, 53 Next, we built negative binomial regression models to further address the first study question and to begin to investigate the second question. To answer the first question, the same variables as in the partial correlations (FSA age and FSA sex distribution) were included in regression models that predicted admission rates for psychotic disorders and for affective disorders to control for FSA differences in age and sex distribution. To answer the second study question, mean FSA income and FSA population density were added as they are independent predictors of psychosis and part of the immigrant experience. These variables were included in the models as tertiles (low, medium, and high) to increase the ease of interpretation. Negative binomial regression was employed because assumptions of Poisson regression (namely, the equality of data mean and variance) were violated for the outcome variables. 53 Analyses were done using SPSS version 15 (SPSS Inc, Chicago, IL).
Sensitivity Analyses
In the above analyses, census data from 2001 were used to determine population parameters. Hospital admissions data were from 1996 to 2005. As there were changes in census-derived characteristics (that is, proportion of firstgeneration immigrants per FSA) across the study period, sensitivity analyses assessed if findings from negative binomial models changed when census data from 1996 and 2006 years were used instead of 2001 data.
It is also estimated that the Canadian census underestimates immigrant populations by about 5% to 10%. 54 To evaluate the impact of this possible underestimation, the models were re-run using a correction factor of 10%, a method used in European studies to address this same suspected bias.
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Results
The study included 11 285 570 people. In total, 507 FSAs in Ontario in 2001 were included in our analysis. During the study period, the total number of first hospital admissions for psychotic disorders was 73 143, equivalent to an average number of 65.31 per 100 000 person-years. For affective disorders, these values were 214 903 total admissions and 191.90 admissions per 100 000 person-years.
In comparison to low immigrant FSAs, people in high immigrant FSAs were more likely to be younger, a visible minority, and female. They were more likely to have a university or college education and also less likely to be married. In addition, FSAs with greater proportions of immigrants were more likely to be high population density areas.
Simple and Partial Correlations
The bivariate correlation coefficient between percent of firstgeneration immigrants per FSA and rates of first admissions for psychotic disorders per FSA per 100 000 person-years was 0.08 (P = 0.09). The bivariate correlation for rates of first admissions for affective disorders per FSA per 100 000 person-years was -0.39 (P < 0.001). Adjusting for FSA, average age and sex distribution accentuated the relation between percent immigrant and admissions for psychotic disorders (0.22, P < 0.001). Changes after adjustment in the relation for admissions for affective disorders were slight (-0.40, P < 0.001).
Negative Binomial Models
Question 1. In the age-and sex-adjusted negative binomial regression model predicting admissions for psychosis, the significant relation between proportion of first-generation immigrants and first admissions for psychotic disorders that was identified using simple and partial correlations remained significant (Table 3 ). In addition, there was a significant relation between higher proportions of males in the FSA and increased admission rates. In the models predicting rates of affective disorder admissions, the proportion of first-generation immigrants was negatively associated with admission rates for affective disorders (Table 3) .
Question 2.
The influence of areas with greater proportions of immigrants in predicting area-level risk for admission for psychotic disorders decreased when population density and area average income were added to the model (Table 4 ). Higher population density and lower average income were positively associated with higher rates of psychotic disorder admissions. The inclusion of these 2 area-level variables reduced the strength of the relation between rate of psychotic admissions and proportion of first-generation immigrants; this relation was no longer statistically significant.
In contrast, the inclusion of sociodemographic variables did not alter the relation between proportion of first-generation immigrants and rates of admission for affective disorders (Table 4) . Larger proportions of first-generation immigrants remained a significant protective factor against first admission for affective disorders at the FSA level, even after income and population density were added to the model (Table 4) . Lower average FSA income was independently associated with elevated rates of hospitalizations for affective disorders relative to higher income levels, although only the difference between the lowest income group and the highest income group was statistically significant. FSA 
Sensitivity Analyses
Using census data from 1996 and 2006 did not change our findings. In addition, when the 10% correction factor was added to the age-and sex-adjusted models, first-generation immigrant status remained a significant predictor for admission rates for both psychotic and affective disorders, regardless of which census year was used (data not shown).
Discussion
Our study examined rates of hospital admission by censusderived geographical areas in Ontario. The general absence of Canadian research on individual-or area-level risk factors accentuates the need for research of this type. Owing to the ecological cross-sectional study design, our study cannot specify how individual-level factors (that is, personal or household SES) influence immigrant risk of admission for psychotic or affective disorders. However, it does provide insight into the influence in Canada of area-level variables (that is, population density or neighbourhood affluence) that have provided important information about risk for admission for psychotic disorders in European settings. 45, 56, 57 Results indicated there was a higher risk of admission for psychotic disorders in areas with higher proportions of first-generation immigrants. However, the relation was attenuated when area social measures were added to the model. Results from the fully adjusted model indicated that areas with higher population density and more economic deprivation-2 factors that often accompany the immigrant experience-were associated with greater risk of first admission for psychotic disorders. The link between denser urban areas and psychosis has been documented. 16, 21, 50, 51 However, in this ecological and cross-sectional design, we cannot disentangle the impact of social and immigration factors on admission risk at the individual level.
The finding that there is an increased risk of admission for psychotic disorders in high immigrant areas in the ageand sex-adjusted model is consistent with 2 ecological studies. 56, 57 Both studies were conducted in German cities. Loffler and Hafner 56 reported increased rates of first schizophrenia admission in areas with more unfavourable living conditions and larger proportions of immigrants. Individual-level studies 2, 7, 52 have reported similar results, although immigrant status remained a statistically significant factor when models adjusted for income and urbanicity of the area where the individual resides. 16, 21 In contrast, our study found that likelihood of admission for an affective disorder was lower in areas with larger proportions of first-generation immigrants and that this relation persisted when social variables were added to the model. In addition, areas with lower income were also associated with higher rates of admissions for affective disorders. Population density was not a statistically significant predictor. This is consistent with studies that suggest that area deprivation is associated with increased risk for poor mental health and specifically depression. 58, 59 Urban-rural location is not significantly related to risk of affective disorders. 60 As noted earlier, underdiagnosis of affective disorders has been suggested as an explanation for lower rates of affective disorder admissions observed among immigrants in individual-level studies. This explanation suggests that we would observe a higher rate of admissions for psychosis in high immigrant areas in our multivariate model. However, this was not found in our study when models were adjusted for area-level social and economic factors.
Another argument that has been raised in individual-level studies is that nonformal mental health supports (that is, lay therapists or non-Western health care) may be a preferred strategy for managing symptoms of affective disorders in immigrant and ethnic communities. 35, [61] [62] [63] However, owing to the nature of symptoms associated with psychotic illness (for example, hallucinations and paranoia), nonformal mental health supports may be less effective for managing disorders of this type, in comparison to affective disorders. Accordingly, hospital admission for affective disorders may be less common among immigrant groups. 28, 39 Consistent with this notion, Schaffer et al 64 found that in Canada immigrants were less likely than members of the host population to use outpatient mental health services for affective disorders.
Limitations
As this is an ecological study, it does not provide information about relations at the individual level. Also, FSA-level census data were not precise enough to separate the influences of migration and ethnicity 65 or to analyze the number of years in the host country. This may obscure the true meaning of our findings. In addition, data on immigrant status in the 2001 census was determined from only sampling 20% of the Canadian population. 48 However, census-derived information has been used in influential Canadian studies to measure area-level characteristics [66] [67] [68] (that is, neighbourhood-level SES) that have wellrecognized relations with individual-level health. 69 Thus our data suggest possible relations that need further explication at the individual level.
While varying population parameters across the study period may have had an influence, findings from the sensitivity analyses suggest that this issue is minimal. In addition, there is no reason to believe that this introduced systematic bias. 70 Another limitation is that hospital admissions do not reflect the entire burden of disease. 45 Given these limitations, results should be interpreted cautiously and confirmed by subsequent studies.
Strengths
This is a population-based study that examined admission for an entire province with a large and diverse population. In addition, the 10-year study period was advantageous because it likely captured usual or regular admission rates. Our study is also distinguished by the use of national databases, which typically have high data completeness and accuracy. 71 Finally, observed trends in our study were consistent with both ecological and individual-level patterns found elsewhere, such as those showing higher rates of schizophrenia among men. 72 
Conclusion
Our study begins the process of examining immigrant use of hospital for mental disorders and whether the patterns identified internationally exist in Canada. It begins to fill an important knowledge gap in Canadian research. Results suggest that admission rates for psychotic disorders were elevated in crowded and economically disadvantaged areas in Ontario. The effect of the proportion of immigrants on admission risk for psychotic disorders was attenuated by the inclusion of social variables in regression models. However, this may reflect an inability of the study design to disentangle the effect of living in an area with a high proportion of immigrants from living in areas characterized by these social factors. The protective effect of living in high immigrant areas in Ontario against rates of admissions for affective disorders persisted for all models. Future studies are needed at both the area and individual levels to better identify groups at risk and provide possible explanations. Future research may be used to suggest opportunities for intervention and would have relevance both for policymakers and clinicians. These assessments would be aided by ethnicity and immigrant status variables in Canadian and Ontario health care databases.
